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ERRATA TO CR-158934

1. P. 3-10, 3-12

The quantity @ should be replaced by the quantity H* where H* is the
normalized irradiance at the entrance aperture from a Lambertian scene,
the radiance from which has been arbitrarily set to unity. The
conclusions regarding the signal ratios on p. 3-12 are, however, correct.

2. P. 3-24 Change "target height" to "tangent height"

3. P. 3-27 Para. 3.2.3, item (1) spelling,
Change Pycheliometer to Pyrheliometer

4, P. 3-55 Para. 3.3.6 Change "with specular reflectance......

11

to "without specular reflectance......

5. P. 4-2 Table 4-1 Linearity component (see pp. 4-28, 29) omitted.
This should be + 0.7 W/M?*. The totals are
correct.
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PREFACE

This report is the culmination of a study effort for the design definition of an
Earth Radiation Budget Satellite System (ERBSS) instrument concept which began
in 1976. This effort has undergone redirection on several occasions on the
basis of new inputs, mission redefinitions, and modified constraints and
requirements. The objective of this report is to present the results of
approximately two years of work. Included are the instrument design concept,
present missjon objectives, the design constraints and requirements which have
evolved, analyses pertaining to error budgets, and a consideration of instrument
testing requirements.

In addition to those listed on the title page, the authors would like to
gratefully acknowledge the assistance of Mr. C. Woerner, Mr. R. Babcock,
Mr. J. Cooper, Dr. G.L. Smith and Mr. E. Harrison of NASA, Langley,
Mr. M. Luther of LTV, Dr. R. Willson of NASA, JPL, Dr. R. Curran of NASA,
Goddard, Mr. R. Maschhoff of Gulton and the rest of the participating BASD
staff.

During this study, our colleague Don Hilleary of NOAA, NESS passed away. His
contributions to the instrument configurations were major and we have missed
having the benefits of his experience and expertise. This report is dedicated
to his memory.
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Section 1
INTRODUCTION

O0f the solar energy incident upon Earth, a portion is reflected to space while
the remainder is absorbed by the Earth and its atmosphere. The absorbed energy
provides the bulk of the thermal energy to the Earth and its atmospheric system
and ultimately returns to space as emitted or infrared radiation. To maintain
the thermal equilibrium of the Earth, these incident, reflected and emitted
components of the Earth's radiation budget must be in balance. Meteorologists
and climatologists agree that the spatial distributions of the Earth radiant
energy budget and the temporal variations in these distributions are the
fundamental physical drivers of climate. The mission for the Earth Radiation
Budget Satellite System (ERBSS) instruments then is the measurement of the
radiation budget components, i.e., the incoming solar radiation, terrestrially
-reflected shortwave radiation, and the terrestrially emitted longwave
radiation. Measurements made by the ERBSS instruments from a three satellite
system* will provide monthly averages of the radiation components on various
spatial and temporal scales. Areas of localized warming (positive net radi-
ation) or cooling (negative net radiation) represent the energy sources and
sinks that drive the atmospheric and oceanic circulations. These measurements
are expected to provide improved understanding of climate and possible pro-
jections of climate trends Teading to improved management, planning, and
utilization of food supplies and natural resources.

The major portion of the studies necessary to characterize instrument system
concepts have now been accomplished. Under the direction of the NASA Langley
Research Center, Colorado State University and its subcontractor, Ball

Rerospace Systems Division (BASD), have completed design definition studies of
the ERBSS instrument system. The results of these studies, which provide a
basis for the generation of the conceptual instrument design, are contained in
this report. Section 2 of this report is a review of the overall mission

requirements, guidelines and constraints imposed on a scientific or a practical

*"SampTing Analysis for the Earth Radiation Budget Satellite System Mission
Based on Orbital Coverage and Cloud Variability", E.F. Harrison, NASA Langley
Research Center.
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basis. The focus of the report, i.e., the description of the conceptual instru-
ment systems design, is found in Section 3. The results of various instrument
analyses are found in Section 4, while Section 5 includes system or component

Tevel testing guidelines, recommendations, or considerations.

The basic ERBSS instrument concept which has emerged from the studies contains
eight sensor channels included in two instrument assemblies as illustrated by
Figures 1-1 and 1-2. The two assemblies, referred to as the Non-Scanning
Instrument and the Scanning Instrument, will be included in the payloads of three
orbiting satellites. Two of these will be in the TIROS-N series, probably those
designated NOAA-F and NOAA-G, and will operate in sun-synchronous, 98° inclined
orbits with equatorial crossings at 0730 and 1530 hours. The orbital altitudes
of the two TIR0OS-N spacecraft will be 833 KM while the third spacecraft,
designated ERBS-A, will fly the ERBSS instruments in a lTower 600 KM orbit at a
lower inclination angle; probably about 56°. This spacecraft will be a version
of the AEM series, modified for Shuttlie launch. Figure 1-3 illustrates the three
satellite mission coverage while Figure 1-4 is an artist's concept of the
ERBS-A/AEM spacecraft.

Two of the four Earth viewing channels in the Non-Scanning Assembly have a wide
field of view (WFOV) for viewing the Earth disé from Timb to 1imb. The other two
channels have a medium field of view (MFQV) for viewing a 10° Earth central angle
(ECA). The WFOV channels measure an area of the Earth's surface with a diameter
of approximately 5000 to 6000 KM, while the MFOV channels measure an area 1100 KM
in diameter; a footprint approximately the size of Texas. One of the WFOV
channels and one of the MFOV channels are filtered for response only to
shortwave, i.e., 0.2 to 5 micrometers, radiation. The other two channels are
unfiltered and measure the total of the emitted and reflected radiation. The
emitted component is determined by subtraction of the shortwave measurement from
the total measurement. A feature of the design is the ability of the four Earth
looking channels to be periodically rotated for a solar calibration or
calibration of the total channels by internal blackbody targets.
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During solar calibration the four Earth looking channels have a common field of
view with the fifth channel, the solar constant radiometer. This channel is a
cavity radiometer which may be operated in the active mode. It serves as a
reference for the other ERBSS channels during solar calibration. Channels 6, 7,
and 8 are contained in the cross track Scanning Instrument. The three-degree
field of view of these channels has an Earth footprint (at nadir) of an
approximately 45 kilometer diameter for localized measurements. Channel 6
responds to shortwave energy (0.2 to 5 micrometers), while co-registered Channel
7 measures longwave energy (approximately 5 um and beyond). The eighth channel*®
responds to radiation at 1.64 micrometers and is used for discrimination of
clouds from snow or ice fields. However, the optimum spectral interval for
Channel 8 is still under study (see "System Implementation for Earth Radiation
Budget Satellite System", Cooper and Woerner, Third Conference on Atmospheric
Radiation of the American Meteorological Society, June 28-30, 1978.

This instrument design definition study has directly benefited from previous
studies conducted by the Langley Research Center of NASA. An experiment
definition study of a concept called Radiation Climate Radiometer (RCR) or Solar
and Earth Radiation Monitor (SERM) under Contract NAS 1-13501 with Colorado State
University was conducted by a team of scientists and engineers from CSU,
NOAA/NESS, Eppley Laboratories, Inc., and BASD. Additionally, the ERB
instrument, flown on Nimbus-6 and to be flown on Nimbus-G, provided concepts and
results useful in formulating the ERBSS requirements, design concepts and test
requirements contained in this report.

*Channel 8 as baselined for this study.
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Sectijon 2
ERBSS MISSION REQUIREMENTS

The mission requirements for ERBSS can be categorized as scientific inputs
concerning accuracy, reproducibility, and periodicity; instrument requirements
based on the statement of work for this study; and spacecraft interface con-
straints. Scientific requirements for ERBSS have been accumulated in numerous
publications. Significant to this report are NASA CR-132407, "An Experiment
Definition Study for a Radiation Climate Radiometer", November 1975; NASA
TMS-72776, "Earth Radiation Budget Satellite System Studies", May, 1977; and the
"Proposed NASA Contribution to the Climate Program", July, 1977. Instrument
configuration requirements such as channel selections are largely based on the
statement of work requirements which have been influenced by previous studies
and the ERB instrument. Changes to the statement of work have evolved on the
basis of improving instrument definition and scientific requirements. The
spacecraft interface constraints are largely based on TIROS-N interface
requirements as the AEM Spacecraft for this mission is not well defined as this
report is being completed.

2.1 RADIATION BUDGET MEASUREMENT REQUIREMENTS

Current studies have focused on the development of a satellite/sensor system
approach for the determination of Earth radiation budget parameters at the top
of the atmosphere on monthly and larger time scales for the following area
resolutions:

250 by 250 KM regions

1000 by 1000 KM regions in the Tropics
10° Latitudinal Zones

Equator to Pole Gradient

Global

Values for Earth albedo or shortwave radiation, longwave radiation and net
radiation, i.e., incoming solar radiation minus shortwave and longwave radia-
tion, will be determined for the regional and zonal spatial scales. The net
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radiation will be determined for the equator to pole gradients and global
spatial scales. Realization of these goals and the accuracies with which the
components can be measured are a function of the data interpretation and
analysis methods, orbital coverage or sampling and instrument design. Since the
instrument measures only that energy at the Earth's surface directed at the
satellite, other components directed away from the satellite must be accounted
for by the use of computer directional models. One purpose of the ERB
instruments flown on Nimbus 6 and 7 was the improvement of the currently used
directional models for various scenes. Sampling studies and analysis
considerations have resulted in the recommendation for the three satellite
missions mentioned in Section 1.0 and for the instrument fields of view. The
required minimum useful ERBSS mission accuracies for monthly averages at the top
of the atmosphere have been compiled from various science studies for the

various spatial scales and are shown in Table 2-1.

Table 2-1
ERBSS Minimum Useful Accuracy Requirements

Spatial Scale Minimum Useful Requirement--W/M?2
Longwave Shortwave Net
250 x 250 KM Regions 14 14
1000 x 1000 KM Regions 1in Tropics 15 15
10° Latitudinal Zones 12 12
Equator to Pole Gradient 4

Global

Inaccuracies associated with sampling, data interpretation and analysis, and
instrument factors all have to be included in the error budget. From these
mission requirements, the instrument uncertainty allocations have been formu-
lated. The medium and wide field of view channels have a requirement for a single
sample uncertainty of *4 W/M2. Included in the *4 W/M2 are a bias component of
+1 W/M? and a random component of +3.0 W/MZ.

The overall mission requirement for the solar constant measurement is an accuracy
of £1.5 W/M2 with a reproducibility of +0.3 W/M2. The design goal for the solar
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solar constant radiometer (Channel 5) is an accuracy of 0.1 percent of full
scale (equivalent of +1.37 W/M?) with a reproducibility of +0.02 percent.

Scanner data multiplied by influence coefficients from the directional models are
summed and averaged to provide monthly averages for the 250 by 250 kilometer
regions. The noise equivalent radiance (NEN) requirements for Channels 6
(shortwave) and 7 (longwave) are 0.11 W/M2-SR and 0.13 W/M2-SR respectively.
Channel 8, used for cloud discrimination to aid in data analysis for Channels 6
and 7, 1is required to have a signal to noise ratio (SNR) of 300:1 at

Ao = 1.639 pum, AA = 0.1 pm, a surface reflectance of 0.1 and a solar zenith angle
of 45° %

In addition to the accuracy, and temporal and spatial scanning requirements, the
ERBSS has related lifetime and field of view requirements. As a major experiment
in the United States climate program, the ERBSS must perform in space for several
years while yielding a stable data output. Simplicity is a key word for the ERBSS
mission for achievement of the lifetime goal. The extensive time and space
sampling studies which led to the selection of the three satellites and their
orbits also led to the spatial coverage or field of view requirements summarized
by Table 2-2.

Table 2-2
ERBSS SPATIAL COVERAGE REQUIREMENTS

Channel Type Spatial Coverage Field Of View Requirement
Wide FOV Limb to Limb 132° AEM** | 125° TIRQS**
Medium FOV 10° Earth Central Angle 88° AEM, 66° TIROS
~1000 KM diameter

Scanner 250 to 500 KM averaged 3°
from 30-50 KM image at
nadir

*Dr. Robert Curran, NASA, GSFC.
**Does not include spacecraft attitude errors.
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Spectral responses and filters identical in concept to those used for the ERB
instrument are suggested for the ERBSS mission instrument channels. Approxi-
mately 99.5% of the solar radiance is included in wavelengths between 0.2 um and
5.0 pm. Because of the wide angles involved for the medium and wide field of view
channels, flat or planar filters are not appropriate and a hemispheric dome of
Suprasil-W quartz provides shortwave response filtering for the appropriate MFOV
and WFOV channels. One MFOV channel and one WFOV channel are not filtered and
measure irradiance over the entire spectrum from approximately 0.2 um to beyond
50 um. The Tong wave or emitted component is the difference between the total and
shortwave channel radiance measurement. The scanner shortwave channel also uses
a quartz filter while the longwave channel filter substrate is Type II diamond.
An interference type bandpass filter is suggested for Channel 8. Table 2-3

summarizes the channel spectral responses and the suggested filter materials.

Table 2-3
ERBSS SPECTRAL RESPONSES

Channel Type Spectral Response Purpose
Shortwave; MFOV, 0.2-5 um, Suprasil-w Albedo measurement
WFOV and Scanner Quartz Filter
Total; MFOV and WFOV  0.2-50+ pm, unfiltered Total radiance measurement
Longwave; Scanner 5-50+ pm, Type II Diamond Emitted radiance
filter with absorbing measurement

shortwave coating

Cloud; Scanner 1.589-1.689 um, Inter Cloud discrimination
ference type bandpass
filter

Solar measurements are made by the Channel 5 cavity radiometer which has a 10°
field of view. These measurements are planned to be made on a monthly basis at an
appropriate time in the orbit by rotating the non-scanning assembly with its
azimuth gimbal to allow solar acquisition by the Channel 5 field of view. The

medium and wide field of view channels are rotated at the same time to their solar
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viewing ports which are coregistered with the Channel 5 field of view. These MFQV
and WFOV solar calibrations are thereby referenced to the Channel 5 cavity
radiometer response providing traceability to other standard cavities developed
for the ERBSS program. The infrequent solar calibrations also limit exposure of
the quartz domes to solar irradiance, thus minimizing UV exposure and subsequent
transmission degradation.

2.2 INSTRUMENT DESIGN GUIDELINES AND CONSIDERATIONS

Other than scientific requirements and spacecraft interface constraints, a set of
requirements which we choose to call design guidelines and constraints have been
imposed. These have been split into two categories for the non-scanning and
scanning instrument assemblies.

2.2.1 Design Guidelines and Considerations for the Non-Scanning Assembly

To provide a better basis for the design of the non-scanning instrument assembly
the following guidelines have been used. ’

Detectors. Circular wire-wound thermopiles of the type used on the ERB experiment
are suggested for use on the medium and wide field of view channels. The solar

constant sensor, on the other hand, will be a cavity-type radiometer probably

operated in the active mode.

Apertures. The apertures used for setting the fields of view in the medium and
wide field of view channels are as shown in Figure 2-1. They are truncated
hemispheres having a lTow emittance specular finish on the inner surface. The
angle 26;, as indicated, is the total unobscured field of view and has a cosine
response. The total field of view, 265, includes that portion of the field
extremes in which the detector is being obscured by the aperture. It is a
requirement that the signal defined by 28; be equal to or greater than 75 percent
of the entire signal (assuming a uniform target).

2-5
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In-flight Calibration and Solar Viewing. The four medium and wide field of view
detectors which look at the Earth are gimballed for rotation to blackbody targets

for the total channels and to a solar viewing position for all channels. As the
field of view apertures do not rotate with the detectors, special solar viewing
apertures have to be used for this application. The solar calibration apertures
set the fields of view with the following constraints:

) The total field, i.e., 26, for solar viewing shall not include the
spacecraft and shall be tangent to the spacecraft mounting surface.

0 The total field of solar viewing shall not include the Earth or its
atmosphere. The extreme of the field shall not exceed the tangent with
the Earth's atmosphere at an altitude of 450 kilometers above the
Earth's surface. This is to avoid emitted or scattered radiance from

the Earth 1imb during solar calibration.

With the TIROS orbital and launch parameters, there is, potentially, a large
variation in the angle between the sun and the orbit normal. To have solar
irradiance incident upon the solar calibration parts at opportune times, azimuth
gimballing of approximately +35° is required allowing rotation of the instrument
about the nadir axis. A minimum of 90 seconds of solar viewing time is desirable

during solar calibration.

Data Sampling. Sampling of the medium, wide, and solar constant channels data is

done every 1.6 seconds in synchronization with the TIR0S spacecraft clock.

High Contamination Launch Mode. The AEM spacecraft will be shuttle-Taunched in a

highly contaminating environment. Protection for sensitive surfaces should be
provided during this period.

Weight and Power. While no firm requirements have been formulated, the weight and

power of the non-scanning assembly including the gimbal were baselined as follows:

® Weight: 25 kilograms or 55 pounds
® Power: 15 watts average, 40 watts peak.
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Identical Configuration. To the extent possible, there should be no difference

between instruments for the AEM or TIROS missions. Differences in configuration
should be easily modifiable by a field kit to the desired configuration.

2.2.2 Design Guidelines and Considerations for the Scanning Assembly

Detectors. Detectors suggested for use in the scanner are Lithium Tantalate
Pyroelectric detectors in the shortwave and Tongwave channels and Lead Sulphide in
the cloud channel.

Chopping and Sampling. There will be three chops by the scanner optical chopper

per integration or sampling period, which is 0.053 second, in synchronism with the
spacecraft clock. This makes the chopping rate approximately 55 Hz. The system
will be configured so that a controlled source will be reflected by the chopper to
the detector during chopper closure.

In-flight Calibration and Solar Viewing. Provision for solar calibration of the

shortwave and cloud channels and a blackbody calibration target for the Tongwave
channel will be included in the design of the scanning assembly. Azimuth gim-
balling of approximately #35° of the scanning assembly is required for solar
viewing with the possible orbital variations.

Failure Mode Scan Position. The scan system will be designed so that the field of
view can be positioned to the subsatellite or nadir position in the event there is

an incipient failure. That is, the scanner can be stopped at the nadir viewing

position if the telemetry indicates a failure may occur.

High Contamination Launch Mode. (Same as Section 2.2.1)

Weight and Power. Baseline weight and power of the scanning assembly including
the azimuth gimbal were as follows:

) Weight: 20 kilograms or 44 pounds
® Power: 30 watts average, 45 watts peak
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Identical Configuration. (Same as Section 2.2.1)

2.3 TIROS/AEM SPACECRAFT REQUIREMENTS AND CONSTRAINTS

In this section, spacecraft requirements and constraints which affect exterior or
physical areas of design are considered. Various electrical interface require-

ments such as powerline ripple or exact command interfaces which will have to be
considered for a very detailed design are not covered here. As the AEM/ERBS-A

spacecraft for this mission is not as yet completely defined, most of the space-
craft requirements have been generated from TIROS documentation.

2.3.1 General Requirements and Constraints

Requirements applying to both the scanning and non-scanning instrument assemblies
are included in this section.

Spacecraft Attitude Control. Control to £1° in any axis which produces a +1.4°

error for two axes considerations, will have to be used for margin when calcu-
lating fields of view. This is an assumed AEM capability; TIROS control is
somewhat better.

Spacecraft Time Scheduling. A 30-second margin has been arbitrarily assigned for

factors such as orbit location errors, command priority interrupts, etc.

Spacecraft Mounting. The two instrument assemblies will be mounted on the

outboard surface of the Equipment Support Module (ESM) of TIROS. Exact positions
have not been established at this time. The method of mounting is to be such that
the assemblies will be essentially thermally isolated (minimum thermal
conductance) from the spacecraft. The exterior of the ESM is multilayer in-
sulation with absorptance = 0.12 and emittance = 0.6.

Data Format. The TIROS Information Processor (TIP) has a major frame period of 32

seconds. It consists of 320 minor frames each containing 832 bits organized into
104, 0.9375 millisecond eight-bit words or time slots. The period for the minor
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frame is 0.1 second. Data are fed into allocated time slots in synchronization
with the spacecraft clock. A1l clocks, drive systems, etc., must be in

synchronization with the spacecraft clock.

2.3.2 Tentative Spacecraft Requirements and Constraints Peculiar

to the Non-Scanning Assembly

Although some of these requirements have general application, they are included

here since they affect only the non-scanning assembly.

Maximum Field of View. Due to interference from other spacecraft instrumentation

and solar paddles, the maximum total conical field of view allowed is 132°.

TIP Data Allocation. The non-scanning instrument is allowed three time slots or

24 bits in a minor frame every 0.1 second. This makes the allowable data rate for

the non-scanning instrument 240 bits per second including processed telemetry.

Commands. The non-scanning assembly has been allocated 26 pulse discrete commands
and three multilevel commands for operational purposes.

Telemetry. The non-scanning assembly has been allocated 22 analog and 13 digital
B telemetry channels.

2.3.3 Tentative Spacecraft Requirements Peculiar to the Scanning Assembly

Uncompensated Angular Momentum. Uncompensated angular momentum generated by

rotating mechanisms is required to be less than 0.02 in-lb-sec. Therefore,
mechanisms whose angular momentum is greater than 0.02 in-1b-sec are required to
have counter rotating compensating momentum.

TIP Data Allocation. The scanner is allocated nine or ten time slots, or 72 to 80
bits every 0.1 second. This constraint makes the allowable data rate 720 to 800
bits per second including processed telemetry.
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Commands. Nineteen pulse discrete commands and two multilevel commands have been

allocated to the scanner.

Telemetry. Twenty-two analog and ten digital telemetry channels have been
allocated to the scanner.
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Section 3
CONCEPTUAL DESIGN DESCRIPTION

On the basis of the requirements, constraints, baselines, and desires experi-

enced in the previous sections, instrument concepts illustrated by Figures 1-1
and 1-2 have been developed. Figures 3-1 and 3-2 provide three views of the non-
scanning and scanning assemblies. Although the two are separate assemblies for
convenience and flexibility, they are required to function much as a single

coregistered multi-field of view instrument.

3.1 GENERAL DESCRIPTION OF ERBSS INSTRUMENTS

The Non-Scanning Assembly has four channels for measurement of shortwave and
total Earth radiation with two fields of view; and a fifth channel for measure-
ment of the solar parameter. Two of the Earth-looking channels have a wide

field of view so the radiance of the entire Earth disc is measured; one of these
channels is filtered by a small hemispherical quartz dome to Timit its response
to the shorter wavelengths.

The other wide field of view channel is unfiltered as is one of the medium field
of view channels. The field of view is set by a truncated hemispheric aperture
so that a portion of the Earth disc corresponding to a ten degree Earth central
angle (ECA) is measured at the proper spacecraft altitude. The other channel of
the medium field of view set is filtered by a hemispheric quartz dome identical
to the WFOV shortwave filter. The total response MFOV and WFOV channels measure
both the emitted and reflected radiation budget components while the shortwave
MFOV and WFOV measure only the reflected or shortwave component. During ground
data processing, the emitted component is determined by an algorithm which

subtracts the shortwave data from the total data and also corrects for data

errors on the basis of housekeeping telemetry data (see Section 4.0).

To provide frequent solar calibration of these channels, gimballing is provided
in two axes. One gimbal (see Figure 1-1) rotates the sensors, but not the
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apertures, approximately 81° from nadir where solar observations are made
through more Timited field of view ports. Rotation about the nadir axis is
provided by an azimuth gimbal so the sun can be brought within the narrow field
of the solar ports. The sensor gimbal can also rotate 180° from nadir for
calibration of the total channels by controlled calibration blackbodies. The
fifth channel is an electrically calibrated cavity radiometer for measurement of
the solar parameter. It also functions as a reference during coregistered solar
viewing with the other four channels. Earth albedo values are determined from
appropriate ratios of the Earth and solar measurements. Characteristics of the
non-scanning assembly are summarized and elaborated on in Section 3.2

The Scanning Assembly has three channels each of which have a circular three

degree field of view. One channel responds identically spectrally to the medium
and wide field of view shortwave channels. Longwave (or emitted) radiance only
is measured by another scanning channel. The third channel is provided for

discrimination between clouds and snow fields for proper data interpretation.

Once during each rotation of the scanner drum (see Figure 1-2), the longwave

channel is calibrated by a controlled blackbody source. If the sun is incident
from the proper angle, the solar port is opened and the shortwave and cloud

channels are calibrated by diffusely reflective targets. The scanner also can
be rotated about the nadir axis so the sun can be brought within the approximate
+10° useful incidence angle on the diffuser targets. The characteristics of the
scanning assembly are summarized in Section 3.3.

3.2 NON-SCANNING ASSEMBLY

Table 3-1 summarizes the important characteristics of the non-scanning assembly.
In the following subsections, operation of the medium and wide field of view
channels, in-flight calibration, solar constant radiometer, system electronics,
thermal requirements, and weight and power budgets will be elaborated on.
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Table 3-1

ERBSS NON-SCANNING ASSEMBLY CHARACTERISTICS

Field of View

Spectral Response

Baseline Detector

Solar Calibration
or Space Field of
View

Measurement
Frequency (Earth)

Solar Calibration
Frequency

Orbital Altitude

Data Rate (Maximum)

Commands
Weight

Power

Channels 1 and 3
Channels 2 and 4

Channel 5

Channels 1 and 4
Channels 2 and 3

Channel 5
Channels 1-4
Channel 5

Channels 1-4

Channels 1-4

A1l Channels

3-5

Limb to 1imb, 132° cone

10° Earth Central Angle; 66°
Cone (TIR0S), 88° Cone (AEM)
10° Cone

Circular, toroidal thermopile
Circular, electronically calibrated,
cavity radiometer

10°

1.6 seconds
Monthly, every 1.6 seconds for
90 seconds or more

600 kilometers (AEM), 833 kilo-
meters (TIROS)

160 bits per second
28
25 KG or 55 pounds

15 watts orbital average



3.2.1 Medium and Wide Field of View Channels

The differences between the four medium and wide field of view channels are, as
explained earlier, the configuration of the field of view apertures and the
spectral filtering employed in two of the channels. Other than that, the
operation of the four channels are identical in that the detectors, amplifiers,

and other signal processing electronics are exactly the same for all channels.

Figure 3-3 illustrates the electronics for a typical medium or wide field of view
channel. Energy from the scene is incident on the thermopile detector with the
scene limited by the field of view aperture. One side of the detector facing the
source is heated and the differential thermopile output changes. That change is
amplified by the chopper stabilized amplifier. Signals are integrated for 1.6
seconds by the integrator and sampled and held by the sample and hold to be
multiplexed into the analog to digital converter.

3.2.1.1 Medium and Wide Field of View Apertures

The field of view 1imiting apertures have been designed with the requirements of
Section 2 providing guidelines and limits. The apertures for the four Earth-
looking channels are shown by Figure 2-1. The requirements applicable to the
designs are:

® The signal due to radiance within the solid angle defined by 26; must
be equal to or greater than 75 percent of the entire signal, i.e., due
to 26,.

® For the wide field of view channels, the angle 26; must be Targe enough
to include the entire Earth disc.

® The angle 26, cannot exceed 132° on TIROS.

® The spacecraft attitude control is one degree in any axis or 1.4° in
any direction.

Figure 3-4 shows §; as a function of 6, for meeting the 75 percent signal
requirement. On that basis, the medium field of view apertures can be sized. The
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The equations:

R,+R
- A D,
8o = tan ! I
_ R,-R
61 = tan 1 A D,
2412 = 2
RA*HLE = Rgp

are used to define the medium field of view aperture dimensions. The results of
such calculations, using Figure 3-4 to establish &, for &, = 33° (TIR0S) and
S, = 44° (AEM) show that the radius for the TIROS aperture (RSP) is larger than
the spherical radius for the AEM case. The sphere is sized for the larger value
and the results are shown in Table 3-2.

Table 3-2
MEDIUM FIELD OF VIEW APERTURE PARAMETERS

TIRQOS AEM
o 33° 44°
64 25° 37°
RD 3.175 mm 3.175 mm
RA 19.4 mm 25.9 mm
L 34.7  mm 30.1 mm
RSP 3.7  mm 39.7  mm

This allows one MFOV aperture size to be manufactured for both the TIR0OS and AEM
flights. The resulting hemisphere is machined for the proper aperture hole
radius as required by Table 3-2. For given values of R
be determined by combining the equations:

spo RD and &4, RA and L can

R, + R, and

A D

1l

L tan 62

2 2 2
RSP RA + L

N
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The value for L is determined by solution of the resulting quadratic equation and
RA is easily determined after that. A value for &;, is then computed from the
equation:

_R,-R
61:tan1AD

The result is that &, RA’ and L and RSP are determined for 75% signal purity for
the TIROS flight and from the TIROS RSP value for the AEM flight. The signal from
the solid angle Q;, which corresponds to the view angle §;, is 75.7% of the total
signal from view angle Q, (which corresponds to &,) for TIR0S. For the AEM
values, Q;/Q, = 86.2%.

The solid angle field of view can be determined from the double integral:

27 68
I [ = f(&)sinddods
o) GA

o)
I

o8
2t [ ° f(8)sinddé

op

il

As shown by Figure 3-5, the detector/aperture has a cosine response between

6 =0 and 8§ = 6;, while from 8; to &, the dropoff is approximately a Tinear
function. That is, f(8) between 0 and &; is cosine 6., while f(8) between 6, to
6, is m6 + b. The values for m and b are easily computed using f(6,;) = cos §;,
and f(6,) = 0. The solid angle Q; = wsin28; and

b2
Qo =Qq + 21 [ (mS+b)sinddd
81

For the TIROS MFOV values, Q= 0.5611 SR and Q, = 0.7415 SR. For AEM,
Q, = 1.1378 SR and Q, = 1.3206 SR.
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To see the entire Earth disc within the angle 26, in the wide field of view
channel with spacecraft attitude errors included, the 28, angle is 127° for TIROS
and 135° for AEM. The constraint on TIROS that 256, be less than 132° makes the
spherical radii of these apertures larger than would otherwise be necessary. If
the smaller TIROS spacecraft attitude error is factored in, however, a value of
26, of 126° is possible for TIROS. Reducing the 26, value from 127° to 126°
reduces the spherical radius by 10mm as shown by Figure 3-6. The aperture
parameters, RSP (the aperture opening radius) and L (the aperture height), were
calculated for various values of &; and &, with the results shown in Figure 3-6
and 3-7. While decreasing 28, reduces the aperture, increasing 28, also reduces
the aperture (see Figure 3-7). Calculations were made of the aperture parameters
with the 126° 26, and 132° 25, for TIROS. The same spherical radius was then used
to determine the same parameters for AEM. These are shown in Table 3-3.

Table 3-3
APERTURE PARAMETERS FOR THE WIDE FIELD OF VIEW APERTURES

TIROS AEM
P 66° 70°
o 63° 67.5°
RD 3.175 mm 3.175 mm
RA 47.2  mm 47.8 mm
L 22.4 mm 18.5 mm
R 52.3  mm 52.3 mm

Again, a common value for RSP has been established for both TIROS and AEM
instruments. For the TIROS values, Q; = 2.4941 SR, Q, = 2.5613 SR, and
Q1/Qy = 97.4%. For AEM, Q; = 2.6815 SR, Q, = 2.7304 SR, and Q,/Q, = 98.2%.

The impact of these parameters on the overall instrument size will be shown in

Section 4.5. Typical field of view responses are shown for a medium and wide

field of view channel by Figure 3-8. Various finishes have been considered for
the apertures and the baseplate as designated by Figure 3.4. Scattering and
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thermal analyses have been performed (see Section 4) to determine the best
finishes. The inner surface of the aperture and the baseplate were made black
or high emittance; specular lTow emittance and black; and specular Tow emittance
on both. Scattering analyses indicate that the best overall configuration is a
black baseplate and low emittance specular aperture. However, a low emittance
specular finish aon both surfaces is clearly acceptable.

Subsequent thermal analyses have indicated a preference for low emittance on
both surfaces. The largest single contributor to scattering in the shortwave
channels is the Suprasili-W hemispheric spectral filter. This design, a carry-
over from the ERB program, has been modified to reduce the radius. This allows
a larger percentage of the dome to be included in the transmission path during
the solar calibration, thus reducing possible calibration inaccuracy. However,
polarization analyses (see Section 4) indicate an increasing sensitivity of the
shortwave channel to the state of scene radiation as the ratio of the detector
to filter radii increases (see Section 4). For a detector radius of 3.175 mm
and a filter radius of 6.35 mm, 14.9 percent of the filter area used for Earth
viewing is involved in the solar view. As the ratio is increased by decreasing
the filter radius to 5.475 mm, the common area is increased to 19.2 percent.
For the latter case, the signal from a symmetrical polarized Earth scene,
caused by a small zenith angle, will be 0.35 percent higher than that from an
asymmetrical scene (zenith angle equals 57.5°). As this effect decreases
rapidly as the detector to filter radii ratio decreases, a RD/RS ratio of 0.5
(RS equals 6.35 mm) is recommended.

The spectral response of the shortwave channel 1is set by the natural trans-
mission of Suprasil-W quartz as shown by Figure 3-8. Approximately 99 percent
of the solar energy* is included in the spectral band defined by this material.

Darkening of this filter due to ultraviolet or particle radiation exposure is
the probable cause of signal reduction observed in the ERB solar channels.
Transmission changes at the shorter wavelengths (0.2 to 0.3 um) after exposure
to electron, proton, and ultraviolet radiation have been noted in tests at

*M.P. Thekaekara, Applied Optics, Volume 13, No. 3, March, 1974, p. 520.
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GSFC.** The exposures were similar to those expected for the ERBSS mission.
Degradation appeared to level off after 1,200 equivalent ultraviolet solar
hours at 3.5 ultraviolet solar constants. Preflight exposures of the filters
to cause pre-calibration darkening will minimize in-flight changes. It should
be noted, however, that ERB filters subjected to preflight aging and aligned
for maximum solar exposure exhibited considerable (up to 20 percent) degradation
after launch. Another similar channel, shuttered for only brief exposure and
measurements, has shown a change of one part in 1700 over several years of
operation. The secret to minimization of the filter transmission degradation
would appear to be, (1) preaging by UV exposure and (2) minimizing solar expo-
sure. Therefore, the frequency of solar calibrations should be consistent with
the effects of such calibrations on filter degradation and, thereby, the calibra-
tion accuracy.

3.2.1.2 Medium and Wide Field of View Detectors

During the study, both wire-wound thermopile detectors with a flat plate or
circular disc receiver, and a cavity type detector were considered for the
medium and wide field of view channels. The cavity detectors for this appli-
cation would be modifications of the cavities being considered for Channel 5
(see Section 3.2.3). The configuration for the medium and wide field of view
channels would include the primary and secondary cavities without a view Timiter
except as provided by the truncated hemispheric apertures. Discussions with
JPL and Eppley/Guilton indicate that there would be adequate space in the rota-
ting sensor housing, as presently configured, for cavity detectors. The advan-
tages of the cavity detector over the flat plate detector are:

(1) Improved receiver absorptance (hence better longwave length response), and
less sensitivity to coating degradation.

(2) The cavities can be calibrated electrically. (Flat plate receivers may
also incorporate this feature.)

The disadvantages of the cavity detectors are:

*%C.A. Nicoletta and A.G. Bubanks, Applied Optics, Volume II, 1972, p. 1365.
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(1) Volume

(2) Weight

(3) Power (depends on mode of operation)

(4) Time constant and

(5) A shutter is required (ACR-IV, JPL only)

The ACR-IV cavity radiometer made by JPL is generally operated in the active
mode, i.e., the irradiance incident on the primary cavity is proportional to the
difference in the electrical power applied to the secondary and primary cavities.
The applied electrical power maintains a constant heat flow from each cavity to
the housing or heat sink. With the shutter closed, both primary and secondary
cavities are exposed to about the same irradiance and the power difference is
minimized. With the shutter open, the scene irradiance incident on the primary
cavity reduces the electrical heat on that cavity necessary to maintain the
constant heat flow to the housing. The change in the primary cavity electrical
power is then proportional to the incident irradiance. In the passive mode,
nickel resistance sensors measure the temperature difference between the two
cavities; that difference being proportional to the incoming scene irradiance.

The ESP (Eclectic Satellite Pyrheliometer) of Eppley/Gulton employs a toroidal
wire-wound thermopile, nearly identical to the flat plate thermopile receiver, to
measure the temperature difference between the two cavities. In the active mode,
heat is applied to the secondary cavity to null the thermopile output. Eppley
feels no shutter is necessary as the thermopile sensor is both linear and

sensitive over three decades and can measure very small temperature differences.

Because of the better absorptance of the cavities, the spectral response is
essentially flat to beyond 50 micrometers. This is not true of the flat disc
receiver which has increased reflectance at longer wavelengths regardless of the
coating used. The electrical calibration feature of the cavities allows
additional calibration points when rotated to look at space, regardless of the
mode of operation. A Langley funded study is now underway at JPL to determine the
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potential for cavity detectors to operate in a wide field mode. Testing of a
cavity detector with a wide field view Timiter was performed at JPL by Kendall in
1977. These tests show a response slightly above a cosine response which was
probably caused by scattering in the view Timiter that was used.

In its simplest form, the thermopile detector may be considered as a two terminal
device whose output is a voltage proportional to the difference in irradiances
incident on the detector active receiver and reference receiver surfaces.
Internally, it may be considered as an array of thermocouples. It is constructed
by wrapping a coil of constantan wire around an aluminum heat sink where a
portion of the constantan wire is copper plated to form the thermocouples.
Incident radiation is absorbed in a blackened 0.25-inch (6.35 mm) diameter disc-
shaped receiver surface, changing its temperature, and in turn, generating a
proportional net output voltage from the thermocouple array.

It is to be emphasized that this type of detector is now in use, with proven
performance, in the Earth Radiation Budget (ERB) experiment aboard NIMBUS-6.
F1ight Evaluation Report Number Four, recently published, shows that ERB Solar
Channel 3, which consists of a thermopile detector exposed to the sun all of the
time, has exhibited no significant degradation after two years in orbit (<z0.1%).
Toroidal wire-wound thermpoiles with approximately the desired area have been
made for use on the ESP, a version of which has been included as one of the
channels of the Nimbus-7 ERB. Tests performed on the ESP with irradiance levels
up to 1.2 solar constants showed a temperature change of less than 1°C and linear
response over three decades (see Section 4.0). The toroidal configuration
provides a highly uniform response over the disc receiver. This type of
thermopile detector has a balanced reference receiver with the heat sink between
the active and reference recejvers. This balance and heat sinking technique
minimizes the effect of any conductive thermal transients and allows a relatively
fast time constant. The temperature difference, AT, between the active and
reference receivers, is not allowed to reach high values for high incident flux
levels, reducing the effects of temperature dependent responsivity non-
linearities. The desirable qualities of wire-wound thermopiles are good Tinear-
ity, low temperature coefficient, long-term stability, and structural integrity.
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It should be noted that, for off-normal axis image points, the detector presents
a cross-section which varies as the cosine of the off-axis angle. Hence, the
circular wire-wound thermopile detector is said to have a cosine response
characteristic.

While exact data are not available, estimates have been made of the weight and
power increases associated with the use of cavity radiometers rather than the
flat plat thermopile. Without a shutter, the weight of each channel will in-
crease by 0.395 kg or 0.87 1bs. This estimate is based on use of 90 percent of
the available volume by a material with the density of aluminum. The available
volume is a cylinder of 5.7 cm diameter and 6.35 cm height and a volume of
162.6 cm®. If the cavity detector can be operated in the passive mode, there is
no need for additional power over that already allocated per channel. In the
active mode, it is estimated that each cavity channel will require approximately
0.5 watts. Use of cavity detectors in all four Earth-loocking channels will
require an additional 1.58 kg or 3.48 1bs. in weight and up to 2.0 watts of
power.

Since the shortwave channels do not require spectral response past 5.0 micro-
meters, a good compromise might be the use of passive cavity detectors for the
total channels and the flat plate thermopile for the shortwave channels. This
would increase the weight by 0.79 kg and not affect the power. Until further
studies and tests have been made of the wide field performance of the cavity
detectors, however, use of cavity detectors for the ERBSS medium and wide field
of view channels cannot be recommended. At the present, flat plate thermopiles
of the toroidal configuration are recommended.

3.2.1.3 Medium and Wide Field of View Signal Processing

The signal processing electronics are located in close proximity to the detectors
in the gimballed assembly. The design is similar to that developed for the ERB
solar channels by Gulton. The basic configuration is shown in Figure 3-9. The
thermopile detectors are DC devices and electronically chopped amplification is
employed to avoid offsets and temperature drift in the amplifiers.
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From a Tow level, high impedance DC signal, the amplifier provides conversion to
a high level, low impedance AC signal. The post amplifier provides predemodu-
lation filtering as well as signal amplification. The synchronous demodulator
converts the signal back to DC with blanking employed at the switching crossovers
to eliminate switching spikes and preserve signal Tinearity to low levels. The
system filter is a gated integrator with an effective bandwidth equal to the
reciprocal of twice the integration time. The integration time will be
approximately 1.6 seconds and is synchronous with the spacecraft clock. The
integrator is reset every 1.6 seconds so the output is stored by a sample and hold
circuit for further processing.

To check the linearity and response of the electronics, a precision variable
level voltage is gated into the input. This level should be generated by a
precision digital to analog converter. The connections to the remainder of the
signal processing electronics which are packaged outside the gimballed sensor
assembly are provided by a shielded flex cable. Referring to Figure 3-3, the
sampled and held signal level is multiplexed with the other channels and house-
keeping telemetry for serial conversion by a 12-bit analog to digital converter.

3.2.2 In-Flight Calibration

In-flight calibration of the ERBSS non-scanning assembly channels will be ac-
complished using blackbody targets for the total channels and the sun for all
channels.

3.2.2.1 In-Flight Calibration Blackbodies

Two blackbodies centrally located for instrument balance will be employed to
calibrate total Channels 2 and 3. The gimballed detector assembly, which

includes the hemispheric quartz filters but not the apertures, is rotated 180° to
the blackbodies periodically. The blackbodies should be configured to have a
field of view for the detector consistent with that of the Earth aperture. That
is, the solid angle field of view should be 2.56 to 2.73 steradians for the WFOV
channel and 0.56 to 1.32 steradians for the MFOV channel. 1In practice, these
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would probably be made for the larger field of view for the AEM orbit. Wide field
‘of view targets were provided by Eppley .for the ERB in-flight calibration. A
cylindrical cavity wide field of view target was fabricated for the NASA Langley
Research Center under Contract NAS 1-12471 and its design should be a candidate
for the ERBSS mission. It is anticipated that platinum resistance sensors will
be used for control and monitoring of the blackbody temperature. A heater will
raise the target to either of two controlled operating temperatures. When the
heater is turned off, the blackbody should seek an equilibrium temperature at
approximately the instrument temperature. The blackbody targets will,
therefore, provide a three point calibration of the total channels. Control
temperatures of 375K and 335K would be useful. It is estimated that each target
will require 5.5 watts for a 2.5 hour time to reach 375K and 2.0 watts to maintain
that temperature. The frequency of this calibration will determine the
significance to the average power requirement.

3.2.2.2 In-Flight Solar Calibration

To obtain a solar calibration of the four Earth-viewing channels, the detector
assembly is rotated precisely to the proper solar viewing angle. Special
apertures then have to be used to define the total angle (28,) and the unob-
scurred angle (281). An unobscured angle of 5° (26; = 10°) and a total angle of
9.6° (26, = 19.2°) have been selected to meet the design guidelines.

There are five design guidelines or restrictions which affect the solar aperture
design:

® A minimum two-minute sampling period with the unobscured field is
desired.

e The total angle should not include the earth 1imb to a tangent height
of 450 kilometers.

® The total angle should not include any of the spacecraft.

) The spacecraft attitude control error of 1.4° (RSS) must be included.

® Design identicalness between the TIR0OS and AEM is desired.
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Viewing Time. For a worst case AEM orbital sunrate of travel of 3.71° per

minute, 26, equals two minutes x 3.71° per minute + 1.4° or 8.82°. Therefore, the
smallest 26; unobscured angle is nine or ten degrees.

Earth Limb Interface. The Earth Timb at a 450 kilometer target height restricts
the view angle from the spacecraft horizontal to 20.2° for TIROS and 15.9° for
AEM. Including the spacecraft attitude error, these become 18.8° for TIR0OS and
13.5° for AEM.

Spacecraft Interference. The angle above the spacecraft horizontal is a function

of the placement of the instrument on the spacecraft mounting platform. The

elevation of the rotational axis for the sensor assembly and the distance to the
edge of the spacecraft are the critical areas. These cannot be identified at

this time so assumptions regarding placement on the spacecraft will have to be

made.

Spacecraft Attitude Control. The 1.4° RSS attitude control error is included in
the calculations so that the Earth Timb will not impact the calibration accuracy.

Design Identicalness. It appears that the aperture size can be made identical

for both spacecraft, but the tilt angle and rotational position will vary by
about five degrees.

Figure 3-10 illustrates the solar calibration aperture configuration and its
angle of tilt with the spacecraft interface plane.

If we set the total unobscured angle (256;) to ten degrees to be consistent with
the view angle of the solar parameter channel, 26, equals 19.2° if the distance
from the detector to the aperture is 77.5 mm. Since TIROS can accommodate 18.8°
from the horizontal, a view angle of 0.4° above the horizontal and a tilt of 9.2°
is required. For AEM, the instrument will have to be close to the edge to

accommodate a view angle of 5.7° above the horizontal and the tilt angle will be
3.9° to the horizontal. The aperture radius in both cases will be about 10 mm.
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It may be that the instrument could be made identical and the mounting interface
tilted. Viewing of the solar or space scene by the solar parameter channel
provides a calibration reference for the solar calibration of the medium and wide
field of view channels.

3.2.2.3 In-Flight Calibration Mechanism

The rotation mechanism for the blackbody or solar calibration sequences needs to
provide accurate and repeatible positioning, particularly in the solar viewing
positions. Data generated by the TIR0OS spacecraft provide knowledge of the
spacecraft orientation within the error band of the altitude control system with
an accuracy of 0.14°. It is expected that the AEM spacecraft or other
instruments included in the payload will provide the same accuracy. Since the
channels have a cosine response over the unobscured total angle field of view, an
uncertainty of 0.14° at the extreme of the #5° field has a potential error of
0.022 percent. Other potential sources of error include the aperture areas,
fields of view, and field of view direction measurements. The field of view and
its direction can be affected by the position of the detector with respect to the
aperture. A repeatibility of position to 0.14° over an expected range of 180°
requires an accuracy to one part in 1,300; certainly an achievable figure. The
11 or 12-bit accuracy required can be provided directly by the 12-bit system ADC
or by a digital encoder attached to the mechanism. A rotational time of between
ten seconds and one minute would probably not cause an unacceptable loss of data.
A stepping system with 0.12° per step operating at 40 steps per second allows a
180° rotation in 37.5 seconds.

Complementing the elevation gimballing of the sensor subsystem is the azimuth
gimbal. It will be capable of +35° of travel as a minimum and should operate
similarly to the calibration gimbal. Its purpose is to provide increased
frequency of solar viewing both for solar constant measurements and channel
calibration. While positioning to the accuracy of the calibration gimbal is not
necessary, knowledge of its position is required to that accuracy. A position
readout similar to that used for the calibration gimbal could be utilized. There
are not enough commands available to position the azimuth gimbal to all the
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desired positions. Three commands could be used; rotate forward, rotate aft, and
stop rotation. The latter would be a timed command set to stop the rotation at
the position computed from initial position and rotational speed information.

3.2.3 Solar Constant Radiometer

A prime mission goal is the measurement of the solar constant with an accuracy of
+0.1 percent and a precision of +0.01 percent. Radiometric standards necessary
to verify performance of those levels do not exist. Parallel development of
various cavity radiometers has progressed in recent years to the point where it
is possible to analytically determine that an accuracy of #0.1 percent with a
precision of #0.02 percent is attainable. A cavity radiometer has been
tentatively selected for Channel 5 of ERBSS. Several candidate radiometers are
listed below.

(1) Eclectic Satellite Pycheliometer (ESP) developed by J. Hickey of Eppley
Labs.

(2) Active Cavity Radiometer (ACR-IV) developed by R. Willson of JPL.

(3) Primary Absolute Cavity Radiometer (PACRAD) developed by J. Kendall of JPL.

(4) PMO developed by Frohlich and Brusa of Physikalisch--Meteorologisches
Observatorium (PMO), Davos, Switzerland.

(5) CROM developed by Crommelynch of Institut Royal Météorologigue de Belgique,
Brussels.

(6) A High Speed Active Cavity Radiometer (HSACR) approach was studied by the
University of Wisconsin.

The ESP will be flown in August, 1978 on the Nimbus-7 spacecraft as a channel of
the ERB instrument. The ACR-IV is scheduled for use on the Solar Maximum Mission
(SMM) and Spacelab 1 while CROM is the contribution of the European Space Agency
to Spacelab 1.
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Hickey, Willson, and Suomi,* have all suggested simultaneous solar measurements
be made by the various radiometers. As ERBSS will have three concurrent flights,
simultaneous solar measurements by three radiometers operating as Channel 5 or
the same radiometers operating in different modes of operation would be possible.
In June of 1976, the ESP, two ACR-IV's and the PACRAD were flown on a sounding
rocket to measure the solar constant.** The measurements show a spread of only

0.37 percent overall with only a 0.07 percent difference between the ESP and the
ACR-1IV.

The ESP, as the name suggests, is capable of operation in a number of modes either
actively or passively. It is shown schematically in Figure 3-11. Its
unencumbered field of view, as shown, is 1.8°, i.e., the full 0.5 cm? collecting
area is unobscured over 1.8°. The central angle is 5°; the same as the ACR-IV.
For ERBSS, the unencumbered or unobscured field of view will be 10° and the total
field of view will be 19.2°, making the central angle 14.6°. This allows a much
shorter (about 10 cm) view limiter reducing the overall package length. The
temperature difference between the two inverted cones is measured by a
differential, toroidal thermopile identical in concept to those recommended for
Channels 1 through 4. In the "active Angstom mode" (Eppley reference), the
secondary cavity is servo controlled to heat up that cavity so a null is
proportional to the radiant power incident on the primary cavity. In a passive
Augstom mode, the power on the secondary cavity is preset and the temperature
difference between the two cavities is measured by the thermopile. The measured
irradiance is then a function of the preset power and the temperature difference.

The ACR-IV, shown schematically in Figure 3-12, is the latest in a series of
cavity radiometers developed by JPL, including the PACRAD. The two conical
cavities are made and mounted as identically as possible with the secondary
cavity seeing only the housing. The primary cavity sees the view Timiter and the
scene when the shutter is opened. In operation, with the shutter closed power of
a magnitude equal to or slightly greater than a solar constant is applied to the
primary cavity with an active servo maintaining the temperature difference

*Private communications.
**Duncan, et.al., Rocket Calibration of the NIMBUS-6 Solar Constant Measurements,
GSFC, March, 1977. Also, Duncan, et.al., Applied Optics, 16, p. 2690, 1977.
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Figure 3-11 Schematic Drawing of Eppley-Gulton ESP
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between the two cavities. Nickel resistance probes are used as temperature
sensors. When the shutter opens for solar viewing, the servo adjusts the primary
cavity power to maintain the temperature difference between the primary and
secondary cavity. The measured irradiance is proportional to the difference in
power between the shuttered and open states plus a small bias term. The length of
the view limiter can be reduced to approximately 10 cm for the 10° unobscured

field of view necessary for the ERBSS mission.

As a task within a "Wide Field of View Earth Radiosity Study" for the NASA Langley
Research Center (Contract NAS 1-13204), conducted by the University of Wisconsin
in 1974, a high speed ACR was among candidate detectors for Earth viewing. A
design approach was formulated and various operational analyses were performed but
no hardware was produced or tested as part of this contract. It was concluded that
detector time constants on the order of twenty milliseconds were achievable with
active, closed-loop servo control. Since this detector has not been developed or
tested in final form, it is not, at present, being considered for ERBSS use.
Future development, however, may demonstrate the potential of this detector for
both solar and Earth irradiance measurements.

There are detailed accurate data available for weight and power requirements for
PMO or CROM. The PACRAD has a long time constant requiring a large heat sink mass
to minimize the effects of thermal drifts in measurements. Although exact data

are not available, its weight appears to be much greater than the weight required
for ESP or ACR-IV. Information obtained from Guiton Industries places the ESP

weight at three pounds and its operational power at 0.5 watts. Recent discussions
with Dr. Willson at JPL regarding a dual ACR-IV sets its weight at approximately
6.5 pounds and the power at five watts. It is supposed that both numbers could be
halved for a single unit and that the five watts includes power for circuitry not
needed in the ERBSS application. At any rate, monthly solar measurements result
in a duty cycle which makes the average power requirement for either the ESP or the
ACR-1IV negligible.

Whichever cavity radiometer is chosen for flight with the ERBSS, it is recommended

that thermal/optical/electrical modelling he performed to identify error terms
and to minimize those errors through design or data processing techniques.
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3.2.4 System Electronics

The functional block diagram of Figure 3-13 provides a capsule view of the entire
system electronics. As discussed in Section 3.2.1.3, the DC signals from the
thermopile detectors are amplified by a chopper stabilized amplifier,
demodulated, integrated, and sampled and held for multiplexing to the A to D
converter. The five channels and at least 13 telemetry channels needed for data
reduction or interpretation are digitized to 12-bit resolution (4,095 levels).

Three, eight-bit time slots are allotted to the non-scanning assembly, or 24 bits
every 0.1 second. The major frame period is 32 seconds allowing 20 data cycles
every major frame. Two 12-bit words can be converted every 0.1 second providing
a maximum data rate of 240 bits per second. This allows 27 housekeeping
conversions plus the five data channel conversions every 1.6 seconds. Two 12-bit
conversions will be made every 0.1 second and the data stored or baffled for
readout into the TIROS Information Processor as three, eight-bit words.

Drive systems are included for the three mechanisms, i.e., the calibration
gimbal, the azimuth gimbal and the solar constant radiometer shutter. The gimbal
drives will require only simple drive systems such as a geared-down stepper. The
calibration gimbal drive (see Section 3.2.2.3) requires good accuracy and a
larger gear ratio. A geared-down stepper or a torquer device would be used for
the solar constant radiometer shutter. The system control logic and circuitry
will generate the necessary drive clocks and reference levels while the power
supply will generate the necessary motor drive voltages which are derived from
the 28-volt pulse load powerline.

System command requirements are summarized in Table 3-4. Twenty-three commands
have been identified for 16 command functions. The addition of five spares
brings the total to 28. The main instrument ON/OFF turns on the +28 volt main
power and the +28 volt pulse load power buses to the instrument. Power is
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Table 3-4
PULSE DISCRETE COMMANDS

Function

Main Instrument Power ON/OFF
Channels 1 through 4 ON/OFF
Channel 5 ON/QFF

Detector Plate Temperature Control ON/OFF
Standby Heater Power ON/OFF
Blackbody No. 1 HIGH

Blackbody No. 1 LOW

Blackbody No. 1 OFF

Blackbody No. 2 HIGH

Blackbody No. 2 LOW

Blackbody No. 2 QOFF

Channel 5 Shutter Open/Close
Calibration Gimbal Forward/Reverse
Azimuth Gimbal Forward

Azimuth Gimbal Reverse

Azimuth Gimbal Stop

Spares
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supplied to Channels 1 through 4 by the second command function while Channel 5
ON/OFF allows independent control of the solar monitor. Power for the detector
plate heater and control system can be turned on or off by the fourth command
function. Standby heater power ON/OFF bypasses the main instrument power to turn
on instrument heaters during an instrument off mode. This allows the instrument
to reach equilibrium after turn-on more quickly. The blackbody command, when
high, sets the blackbody to its highest control temperature, probably about
375K. The blackbody low command sets the blackbody at an intermediate tempera-
ture whereas OFF allows the blackbodies to go to an equilibrium temperature
close to the instrument temperature. The Channel 5 shutter is opened for solar

monitoring or space reference and remains closed for internal calibration.

A calibration gimbal forward command automatically sequences the detectors to
the next position in that direction. To go from the Earth position to the
blackbody position, for example, two commands are necessary. The second command
is given after the intermediate or solar calibration position is reached. A
reverse command follows the same sequence and automatic turn-off is implemented
if the wrong command is given and the gimbal goes by a stop position. The
azimuth gimbal position is controlled by three commands; forward, reverse, and
stop. The Tatter command is a timed command, following the forward or reverse
command by a calculated time period, to allow stopping at a predetermined po-
sition. The position is verified by the readout and readjusted if necessary.
The state of each command is verified by a voltage level to the Digital B
telemetry system.

A total of 37 analog telemetry points have been identified. Twenty-three, and
possibly more of these, will be multiplexed and digitized for inclusion with the
sensor data on the TIP. Table 3-5 Tists the analog telemetry functions to be
monitored. The 14 points not multiplexed are monitored by the spacecraft analog
telemetry system.

Five voltage buses are available from the spacecraft; +28 Volt Main, +28 Volt
Analog Telemetry, +28 Volt Pulse Load, +10 Volt, and +5 Volt. The latter two
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Table 3-5
ANALOG TELEMETRY

1 Channel 1 Aperture Temperature*

2 Channel 2 Aperture Temperature*

3 Channel 3 Aperture Temperature*

4 Channel 4 Aperture Temperature*

5 Channel 5 Housing Temperature*

6 Channel 5 Aperture Temperature*

7 Blackbody Number 1 Wall Temperature

8 Blackbody Number 1 Baffle Temperature

9 Blackbody Number 1 Base Temperature*

10 Blackbody Number 2 Wall Temperature

11 Blackbody Number 2 Baffle Temperature
12 Blackbody Number 2 Base Temperature*

13 Instrument Housing Temperature Number 1
14 Instrument Housing Temperature Number 2
15 Main Electronics Temperature

16 +15 volts

17 -15 volts

18 +10 volts

19 +5 volts
20 +18 volts
21 ~18 volits
22 Reference Voltage Number 1*
23 Reference Voltage Number 2%
24 Calibration Gimbal Position
25 Azimuth Gimbal Position*
26 Shutter Temperature*
27-30 Solar Aperture Temperatures, Channels 1-4%
31-35 Detector Reference Junction Temperatures,

Channels 1-5%
36-37 Filter Dome Temperatures*

*Included as housekeeping telemetry in Digital A format.
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are for interface logic circuitry and will be used as needed for the data
output buffer. The +28 volt pulse Toad bus will be used for the motor drives
and the heaters. Photon isolators or other'techniques will be used to maintain
ground integrity. As suggested by the name, the +28 volt analog telemetry bus
is used for selected analog telemetry circuits for functions not monitored by
the Digital A system or functions required for proper instrument performance.
The +28 volt main powers the instrument converters to generate the various
amplifier or logic circuitry voltages.

Proportional controllers are envisioned for the blackbodies. Pulse width
modulated control is a good possibility for power saving. The same type of

system will be implemented for the detector plate temperature control.

3.2.5 Thermal Requirements

Thermal isolation from the spacecraft means that electrical power dissipated
within the instrument needs to be radiated away to achieve a reasonable oper-

ating temperature. Since a wide range of solar angles and solar exposure times
are possible, the instrument must be designed to operate under these conditions.
The gimbal bearing provides the required Tow conduction to the spacecraft.

There are three areas of electrical dissipation to consider; the rotating
sensor assembly, the main electronics, and the solar constant radiometer. The
sensor assembly has poor conduction to the rest of the instrument as it is
isolated by bearings and the flex cable provides but a small path. As several
watts are expected to be needed in this area, radiative couplings will have to
be employed to hold the detectors and analog signal processing electronics to a
reasonable temperature. High emissivity surfaces with an area of at least 0.5
square foot are needed. However, that portion of the cylinder exposed when
rotated to any calibration position should be of low emittance. Shutters for
the solar viewing ports are preferable as nearly three watts of intermittant
heating can be introduced to the sensor assembly.
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The flatplate thermopile detectors are differential devices indicating the
temperature difference between equal absorbing areas exposed on one side to the
scene and on the other side to a reference. Intermediate or reference junctions
are connected to the detector plate. If the temperature difference between the
reference and measurement junction exceeds several degrees, responsivity and
thereby calibration accuracies are affected. To avoid significant temperature
variations in the detector plate (which is also the temperature of the reference
scene for the back side of the detector), heaters are used to control the plate
temperature to +0.5°C. Analyses indicate that less than two watts are adeguate to
accomplish control over the full range of orbital conditions.

Approximately 11 watts are dissipated in the main electronics module. A package
temperature of approximately 27°C can be achieved using available area (at least
60 square inches) for radiation to Earth and space.

The field of view apertures can introduce significant errors if they differ widely
in temperature from the detectors. Either a negative or positive heat flow from
the detectors to the apertures causes a calibration error. In the shortwave
channels there is a similar result caused by coupling of the Suprasil-W filters to
the apertures and the scene. The effects due to the scene can be minimized by
imaginative processing of the data by computer (see Section 4). To minimize heat
transfer from the aperture and baseplate to the detector, low emittance surfaces
are recommended. Preliminary analyses indicate that a 27°C temperature difference
between the detector and aperture can occur before the 4 W/MZ system error budget
is exceeded. As the temperature difference is reduced, the error is rapidly
reduced. A decision based on a more extensive analysis needs to be made to
determine whether the apertures should be directly attached to the housing or be
decoupled and possibly heater controlled. Analyses made to date are based on the
worst case medium field of view apertures as the wide field of view channels have a

smaller view factor and therefore are less sensitive.
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3.2.6 Power and Weight Summary

System power and weight estimates have been made for the non-scanning assembly.
Power usage can be broken down into seven major areas; signal conditioning
electronics, main electronics, solar constant radiometer, power supply, heaters,
calibration blackbodies and motors. Operation of the latter two, i.e., black-
bodies and motors, has been assumed to be on a very low duty cycle. Motor
operation is estimated to be required no more than 15 to 20 minutes per month
while the blackbodies require warmup, stabilization and operating true of about
six hours per month. The solar constant radiometer could also be operated on a
low duty cycle basis if necessary. OQur independent estimate of the power
required for the solar constant radiometer Ties between the power figures
received from Gulton for the ESP and JPL for the ACR-IV. A1l other power
figures shown in Table 3-6 have been independently estimated.

Table 3-6
ERBSS NON-SCANNING ASSEMBLY POWER BUDGET

Signal Conditioning Electronics 2.0 Watts
Main Electronics 2.8 Watts
Solar Constant Radiometer 1.3 Watts
Power Supply (60% Efficiency) 4.0 Watts
Heaters 3.0 Watts
Calibration Blackbodies 0.1 Watts
Motors 0.0 Watts
Sub-Total 13.2 Watts
Unforeseen 1.8 Watts
Total 15.0 Watts

The signal conditioning electronics are the analog circuits within the rotating
assembly (see Figure 3-9) for amplification and conditioning of the thermopile
signal. The main electronics include telemetry, clocks, analog to digital
conversion and interface electronics. The power supply includes power supply
losses and any preregulation losses. The detector heat sink or mounting inter-
face temperature is controlled by the heaters at a constant temperature. The
three watts figure is a worst case based on a cold orbit.
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The weight budget for the non-scanning assembly was estimated including the

azimuth gimbal and is detailed by Table 3-7. Notice that the solar constant
radiometer weight has been estimated at seven pounds as opposed to the three
pounds estimated for the ESP and the 3.5 pounds estimated for the ACR-IV. This
was included to assure sufficient thermal mass and also includes the electronics.

Table 3-7
ERBSS NON-SCANNING ASSEMBLY WEIGHT BUDGET

Subassembly Pounds KG

Mounting Base and Bearing
Baseplate
Cover
Rotating Cylinder
Cylinder Housing
Blackbodies

- Motors/Position Readouts
Solar Constant Radiometer
Electronics

Cabtes, Connectors, etc.
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3.3 SCANNING ASSEMBLY

The important characteristics of the scanning assembly are sumarized by Table
3-8 and Figures 1-2 and 3-2. Scanning is achieved with a rotating drum as

shown. This allows the entire scene to be chopped without contamination by

optical elements and minimization of polarization sensitivity. This 1is in
keeping with a general design philosophy intended to minimize error inputs

which could affect long-term channel calibration. Figure 3-14 is a simplified
block diagram of the scanning assemblies channel. The chopped scene energy is
converted to an electrical signal by the detector, amplified, demodulated,
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Table 3-8

ERBSS SCANNING ASSEMBLY CHARACTERISTICS

Field of View:

Channel 6
Spectral Channel 7
Response Channel 8
Channel 6
Baseline
Detector Channel 7
Channel 8

Measurement Frequency:
Scan Line Period:

Solar Calibration
Channels 6 and 8:

Orbital Altitude:

Data Rate:
(Maximum Required)

Commands:
Weight:

Power:

3°C Circular in Channels 6, 7, and 8
0.2 to 5 um

5 to 50+ um
1.589 to 1.689 um

LiTa 03 Pyroelectric
LiTa 03 Pyroelectric

PbS Photoconductor
0.053 Second (A11 Channels)
6.4 Seconds (TIR0S)

Monthly; Every 53 Milliseconds for
90 Seconds or More

600 KM (AEM), 833 KM (TIROS)

750 Bits Per Second

21
20 KG (44 Pounds)

30 Watts (Orbital Average)

3-41



r-€

DETECTOR

FET
PREAMP

GAIN PLUS
POLE - ZERO
COMPENSATION

SYNC
DEMOD

GATED
INTEGRATOR

ANALOG TO
DIGITAL
CONVERTER

Figure 3-14 Elements of the Signal Processing Electronics




filtered, and held by the electronics. Since the system only responds to
chopped radiation, unchopped background such as the optics, etc., are not a
part of the signal. Therefore, variances in the temperatures of the optics,
housings, stops, etc., which are unchopped do not affect the detector response
and need not be included in the error analyses.

3.3.1 Optical Design Requirements

The very simple optical system recommended for the scanner is shown in Figure
3-15 and is identical, except for the filter, on all channels. A collecting
diameter of 1 cm has been baselined and is set by Mirror M-2. The field stop
sets the field of view to three degrees. To eliminate difference in signal due
to radiance varijations within the field of view and to detector nonuniform-
ities, relay Mirror M-1 is used to form an image of the objective mirror on the
detector. It is sized so that the image of the objective will fall within the
detector sensitive area. To reduce polarization sensitivity of the optical
configuration to a polarized scene, the relay Mirror M-1 is mounted orthogonally
with respect to the objective Mirror M-2 in such a manner that the polarization
components at M-1 are reversed at M-2; effectively cancelling if the mirrors
have identical coatings. The configuration also allows for equal average
angles of incidence at the two mirrors further reducing polarization sensitivity.

The chopper is a low-emittance specular surface on the optics side. It reflects
the reference blackbody to the optics during closure and is referred to as M-3.
Due to its Tow emittance, temperature variances are not highly significant
as error sou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>